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Description 



Trie present invention relates to the communication systems using optical signals propagating through sin- 
gle-mode optical fibres and, in particular, a method of and an apparatus for generating, transmitting and re- 
ceiving a multilevel optical signal. 

Reliable and economically competitive, coherent optical transmission systems which can be made avail- 
able at short and medium terms allow novel network architectures to be provided regarding long-distance end 
high-performance connections and multi-user LAN (Local Area Network) and MAN (Metropolitan Area Net- 
work) connections es well. In particular, the very large bandwidth of the single-mode optical fibres (thousands 
of GHz) can be suitably exploited by providing optical FDM-systems (Frequency Division Multiplexing) in which 
the selection of the desired channel can be obtained by shifting the frequency of the local oscillator. This allows 
passive optical networks with very high traffic capacity (thousands of gB/s) to be carried out However, two 
important aspects restrict on one hand the bandwidth of the single channel and limit on the other hand the 
maximum number of channels which can be tuned by the user. In the first instance, in fact, the main restriction 
■ due to the bandwidth of the photodiodes and the electronic circuits, while regarding the second instance it 
should be considered that the frequency range which can be tuned by the user depends on the tunability char- 
actenstics of the laser used as local oscillator. 

In order to increase the information rate of any channel, systems have been provided in which the infor- 
mation to be transmitted is coded with more than two levels instead of being coded using only the two binary 
levels as it is customary for providing a high signal reception sensitivity. By transmitting multilevel signals an 
improvement of spectrum efficiency expressed in terms of information rate per unit of occupied band is ob- 
tained at the cost of a reduction of the sensitivity. The known systems with two or more levels resort to the 

I2?jm5! ! ? P ^ 8Se keyi " 9 (APK) or to the d % M P hase 8nift ke W n 9 < PS| 0 or Polarization shift keying 
(SPSK) of the electrical component of the electromagnetic field associated to a coherent optical wave gener- 
ated by a laser source. 

In particular, according to the previous state of art. EP-A-0 277 427 discloses methods of and devices for 
processing an optical signal by altering the polarization state thereof under control of a signal at a predeter- 
mined scrambling frequency. 

EP-A-0 28C 1 075 i discloses an optical low-noise superheterodyne receiver for modulated optical signals in 
wh.ch a received light signal is coupled to a coherent light signal having the same polarisation. Then such sig- 
nals are combined so as to provide two pairs of optical signals, the signal of eech pair having the same polar- 
ization perpendicular to that of the other pair, and fed to photoelements which provide electrical signals. Such 
eectncal signals are then summed to each other after demodulation and after at least a phase shifting of one 
of such signals. 

In "Electronics Letters' Vol. 26. No. 4 of 1 5th February iggo there is disclosed the performance of coherent 
optical transmission systems using multilevel polarization modulation based upon equipower signal constel- 
lations at the vertices of regular polyhedra inscribed in to the Poincare's sphere. 

The present invention seeks to provide a method of generating a multilevel signal with a better perfor- 
mance than the known systems with regard to the signal reception sensitivity on the same number of employed 
levels. Within such general aim the invention seeks to provide in particular a transmitting and a receiving ap- 
paratus carrying out the above mentioned method. 

Such aims are achieved by the invention defined and characterized In general In the claims attached to 
the following descnption ,n which the present invention is disclosed by way of a non-limitative example with 
reference to the accompanying drawing, in which, 

Sentton- bl0Ckdia9rBm tranSmitti " 9 a PP fl ratus for a multilevel optical signal according to the present 

Fig. 2 Is a block diagram of the detecting stage and the intermediate frequency stage of a receiving appa- 
ratus according to the invention; 

Fig. 3 Is a block diagram of a multilevel signal processing stage based on the determination of the coef- 
ficients of the inverted Jones matrix in a receiving apparatus according to the invention; 
Fig. 4 is a block d.agram of a multilevel signal processing stage based upon en algorithm for providing and 
updatmg the values of the components of the reference vectors in the receiving apparatus of the invention; 
Fig. 5 is a block diagram of the circuit of the stage of Fig. 4 for updating the values of the components of 
the reference vectors; 

Fig. 6 Is a diagram of the logarithm of the error probability P. versus the number of the received photons 
per bit F for different values of the level number N; 

Fig. 7 is a graph for the comparison of the sensitivity of the receiving apparatus (N-4Q) according to the 
invention, expressed in terms of the logarithm of the number of received photons per bit F versus the level 
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ordinates are bound to the components x,, x* x, and * defining the state of the electromagnetic field by the 
following relations: 

Xi = cos4 cosy cos0 
x 2 = cos<ti cosy sine 
Xj = cos^siny 
X4 = sin$ 

Table II shows the values of the distances between the reference points on the sphere of standardized 
unit radius in case of a five-level configuration; in this case the distance of any couple of points is the same, 
and when that result is obtained, that is the best for symmetry reasons. 

Table III shows the values of the angular coordinates *. y and 8 corresponding to the points on the sphere 
of the four-d.mens.onaJ Euclidean space having standardized unit radius which are associated to the states of 
the electromagnetic field In case of an eight-levei configuration. 

Table IV shows the values of the distances between the reference points on the sphere having standar- 
daed unit radius in case of an eight-level configuration. In such case it was not possible to arrange the eight 
reference pomts on the four-dimensionaJ sphere in such a way that they are at the same distance from one 
another. Nevertheless the optimum configuration has a high symmetry as any point has six first near points 
at a distance equal to the radius of the sphere multiplied by V2 and only one second near point at a double as 
high distance as the radius of the sphere. 

In Fig. 6 the performance of the apparatus is shown by the logarithm of the error probability P. versus the 
photon number per bit F for a number N of levels equal to 4,8 and 16, respectively. 
, h *?' k,*^ se " sitivity of the a PParatus is shown by the logarithm of the photon number per bit versus 
henumberNof levelsat ar .error probability ofKH.Insuch figure the performance ofthe apparatus according 
to the invention ^designated by N-4Q is compared with that of a N-level heterodyne PSK apparatus (N-PSK, 
N-Phase-Sh.ft-Key.ng) a N-level heterodyne APK apparatus (N-APK, N-Amplitude-Phase-Keying). and a N- 
level polanzation modulabon apparatus with detection by Stokes parameters (N-SPSK, N-Stokes-Parameter- 
Shift-Keying) theformer^ 

mun.cat.ons Prent.ce-Hall Inc., Eaglewood Cliffs, New Jersey, 1 987, the third one being described in an article 
of S. Belt. F Curti G. De Marehis, E. lannone, "Multilevel Coherent Optical System Based On Stokes Para- 
meters Modulation' which is being published on the Journal of Lightwave Technology. 
• .? R k ' 8 th , 6 " mit ? erformance of the transmitting apparatus conditioned by the Shannon equation regard- 
ing the channel capacity is shown. The apparatus according to the invention suffere from a penalty with respect 
to the Shannon limit of 8.5 dB for N = 16, 7.4dB forN = 32 and 7.8 dB forN = 64, respectively. The performance 
of the apparatus accord.ng to the invention with respect to the compared apparatus tends to improve as the 
number of levels increases as illustrated in the following Table V showing the improvement in dB of the per- 
formance of the apparatus according to the invention with respect to that of N-SPSK and N-PSK apparatus. 

TABLE V 



N-SPSK N-PSK 

3.8 
5.4 
9.3 
10.9 





• -8. ..... . 


1.4 


45 


16 


2.3 




32 


3.0 




64 


3.8 



Claims 



55 1. A method of providing a multilevel signal on a coherent optical carrier in order to transmit information 
hrough a single-mode optical fibre by the modulation of the carrier, characterized in that the phase and 
the polanzation of the carrier are modulated. 
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2. The method of claim 1 , characterized by the following steps: 

- modulating the phase of the carrier with a first control signal; 

- dividing the carrier the phase of which is modulated in two orthogonal components representing the 
polarization state; and 

5 - modulating the phese of said orthogonal components by a second and a third control signals; 

said control signals being provided by coding a binary succession representing the information to 
be transmitted and formed of a plurality of symbols each of them representing a predetermined state 
of the multilevel signal to be transmitted. 

„ 3. The method of claim 2. characterized in thatthe predetermined states of the multilevel signal to be trans- 
mitted. each represented by the components of a four-dimensional vector defining a reference point on 
the surface of the sphere of the four-dimensional Euclidean space having a radius equal to the square 
root of the transmitted optical mean power, are determined by selecting the respective reference points 
such as to minimize the multi-variable function correlating the bit error probability with the coordinates 

»5 of said reference points. 

4. An optical transmitter for the transmission of multilevel signals formed according to the method of claim 

1,compns.ng a coherent light source (1) adapted to generate the optical carrier and a modulation signal 

?h. T. 2 % ? aractenzed in that ft '""her comprises a first phase modulator (2) adapted to modulate 

20 !" d 8 po,ari2ation modulator (3-8) coupled to the output of the first phase mod- 

T Zii hi"*?...?!! m ° d " ,at " ,n s, 9 nal aerator (10) has an output connected to the first phase modulator 

S^SoI^h ?r 0U * C °? neCted 10 thB e° ,ariza «°" Adulator (3-8) to provide thereto phase and 
polarization modulation control signals. 

25 '* IS !!T? , ! r ? daim 4 f0r Carryin9 0Ut 0,8 metnod accoroi "9 1° era*" 2 or 3. characterized in 

Phase modulator (2) and the polarization modulator (3-8) a polarization selection 
beam ^plrtter (3) is connected which is adapted to eplltthe two orthogonal components of the polarization 
S*?n?J^ camer ' f" d me Polarization modulator (3-8) comprises a polarization rotator (4) rotating 
21 „ J f 008 ° f SUCh "Wents, a "cond phase modulator (5) adapted to modulate 

30 T ♦ f COmponent - a 2x2 directional coupler (6) supplying to the output ports the super- 

Z^„T»h n ? 8, ^ 86C ? nd po,ari2atk > n rota tor (7) rotating by 90» the polarization of one of the two 
! .7 ^ na,ccup,er ( 6 )' andt hatthemodulationsignalgenerator(10)compriseaacoder 
(10 supplying i from the binary sequence the control signals to the three phase modulators (2, 5. 8). and 
Tr ow"* k Po'enzatton modulator (3-8) is connected to a polarization selection directional cou- 

33 ..fni I Comb 'T 9 agam the orthogonal components of the polarization state end for entering the ob- 

tained signal into the optical single-mode fibre (11) acting as transmission channel. 



6. 



An optical rece^erfor receiving multilevel signals formed according to the method of claim 1 and including 
a first stoge cons.st.ng of an optical local oscillator (1 2). a 90- optical hybrid (13). two separators (14. 15) 
40 of toe orthogonal polanzabon components, and four photodiodes(16-19) forthe detection of said signals, 

said first stoge be.ng coupled to the optical fibre (11) and being adapted to carry out the heterodyne de- 
tect.on of the phase terms and the phase quadrature terms of the beat signal generated from the polarized 
s^al receded by the optical fibre (11) and the optical local oscillator signal, characterized in that said 
2!?X I"?? C T pn888four bandpaSS filters < 20 - 23 > centa "d ebout the intermediated frequency 
« 11 ! !, y J 8ld pnotodioda8 < 16 - 1 9>. a nd a eecond stage (24-32) is provided coupled to 
If™ ? 9 8dap ^ todeTOdulate ^e received signals for providing themultllevel signal, indud^ 
« h «. i. ? nC , V,Ce COnVertln9 the interme diate frequency signals of said bandpass filters (20-23) 
£55 2 ?. C ° mPnS,n9 8 Ph3Se l0Cked ,oop < 28 >' four mult| P |iere < 24 * 27 > and to«r bandpass filters 

iln?w i ^iH rDCeSS '^ °?* ' S C ° UP,ed t0 88id 8 econd 8 *9 e and ada P ted to "nnpare said multilevel 
u signal with predetermined reference signals. 

7 * J" °rH^ eCeiVe , i °!K daim f ° r TBCeMna mU,li,eve, si9na,s fonned accorain 9 to toe method of claim 2 
ZZl^T that aa,d Processing circuit based upon the evaluation of the inverse Jones matrix 

SST B8 J B T TT ( ^ reCeiVin9 81 th6ir inpUtS tne Dase ^ si 9" ala f rom the bandpass filters 
55 ind S?5S °„ ST ! Vera9eS ° f S8id 8i9nal8 in time P8ri0da much 'onger than the symbol period 

ZJSt oharacteristic periods of the polarization fluctuations, and supplying at their 

-Sn^?' 9 nal8repre8entin 3 aa id time averages, a circuitfor the inversion of the Jones matrix (33) 
receding at its input the above mentioned base band signals and supplying at its output the estimated 
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values of the transmitted multilevel signal, a calculation circuit (38) receiving at its input the four signals 
representing the time averages of the base band signals and comparing said signals with the feasible 
transmitted symbols forming the predetermined reference signals stored in the circuit itself so as to cal- 
culate the coefficients of the Jones matrix and to supply them to the circuit for entering the Jones matrix 
(33), and a decision circuit (39) receiving at its input the estimated values of the transmitted multilevel 
signal and comparing said values with the feasible transmitted symbols stored in the circuit itself so as 
to assign to each estimated value one of the feasible transmitted symbols. \ 

8. The optical receiver of claim 6 for receiving multilevel signals formed according to the method of claim 2 
or 3. charactenzed in that said processing circuit comprises first circuit means (45) for determining initially 
the reference signals by an initialization sequence, second circuit means (40) adapted to calculate the 
time average of the base band signals in time periods much longerthan the symbol period and much short- 
er than the characteristic period of the polarization state fluctuations, and to store and to update the com- 
ponents of the reference signals, the decision circuit means (45) being adapted to compare the time aver- 
ages of the base band signals with the reference signals and to assign to each of them one of the feasible 
transmitted symbols, the updating time period being much shorter than the characteristic period of the 
polanzation fluctuations and much longer than the symbol period. 



Patentanspruche 



Verfahren zum Erzeugen eines mehrstufigen Signals auf einem koharenten optischen Tragerzur Infer, 
mahonsubertragung durch eine Monomode-Uchtleitfaser durch die Modulation des Tragers, dadurch ge- 
kennzeichnet, daft die Phase und die Polarisation des Trigere moduliert werden. 

Verfahren nach Anspruch 1, gekennzeichnet durch die folgenden Schritte: 

- Modulieren der Phase des Tragers mit einem ersten Steuereignal; 

- Teilen des Tragers. dessen Phase moduliert wire, in zwei orthogonale, den Polarisationszustand wie- 
dergebende Komponenten; und 

- Modulieren der Phase derorthogonaien Komponenten durch ein zweites und ein drittes Steuereignal; 
wobei die Steuersignale erzeugt werden. indem eine derzu ubertragenden Information entsprechende 
und aus emer Anzahl von Symbolen gebHdete binSre Sequenzkodiertwird. und wobei jedes derSymbole 
einem verbestimmten Zustand des zu ubertragenden nehretuf igen Signals entspricht 

Verfahren nach Anspruch 2, dadurch gekennzeichnet, daC die vorbestimmten Zustande des zu ubertra- 
genden mehrstufigen Signals, die jeweiis durch die Komponenten eines vierdimensionalen Vektore 
dergestellt werden. der einen Bezugspunkt auf der Oberf lache der Kugel des vierdimensionalen Euklidi- 
schen Raums bildet, die einen Radius gleich der Quadratwurzel der ubertragenen mittleren optischen 
Leistung aufweist. durch Auswahlen der jeweiligen Bezugspunkte derartbestimmt werden, datt die Mehr- 
vanablen-Funktion. welche die Bitfehlerwahrscheinlichkeit mit den Koordinaten der Bezugspunkte in Be- 
ziehung setzt. mfiglichst klein wird. 

Optischer Sender zum Obertragen von mehrstufigen Signalen. die nach dem Verfahren gemaS Anspruch 
1 gebUdet sind. mit einer koharenten Lichtquelle (1) zum Erzeugen des optischen Tragers und einem Mo- 
du ationss l gnalgenerator(10). dadurch gekennzeichnet. daft erferner aufweist einen ersten Phasenmo- 
dulator (2) zum Modulieren der Phase des Tragers. sowie einen Polarisationsmodulator (3-8). der mit dem 
Ausgang des ersten Phasenmodulatora (2) gekoppelt 1st, und dad der Modulationssignal-Generetor (10) 
mit einem Ausgang an den ersten Phasenmodulator (2) und wenigstens einem Ausgang an dem Polari- 
sationsmodulator (3-8) angeschlossen ist. urn auf diesen Phasen- und Polarisationsmodulations- 
steuerstignale zu geben. 

Optischer Sender nach Anspruch 4 zur Durchf uhrung des Verfahrens nach Anspruch 2 Oder 3. dadurch 
gekennze.chnet, daS zwischen dem ersten Phasenmodulator (2) und dem Polarisationsmodulator (3-8) 
em Polansahonsauswahl-Strahlungsteiler (3) angeschlossen ist der zum Teilen der zwei orthogonalen 
Komponenten des Polarisationszustandes des Tragers geeignet ist. und da& der Polarisationsmodulator 
(3-8) einen Polarisationsrotator (4). der die Polarisation einer dieser Komponenten urn 90» drain, einen 
, en ^ aSenm0dUlat ° r<5) ^ Modu,Ieren <*er Phase der anderan Komponente. einen 2x2-Richtungs- 
koppler(6). derauf die Ausgangs6ffnungen dieuberlagerten Eingangssignale gibt, und einen zweiten Po- 
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taflS !!' S » ? f diS Po,arisatta " der beiden Elngangssignale des Richtungskopp- 

die oSZLT ^ ato ! (M) mit einem P^ttenswaW-rechtungskoppler (9) verbunden is? J> 
gnal in die Monomode-L,chtle.tfaser (11) zu geben, die ale Gbertragungskanal wirkt 

6 * sp^uStZ^ Pian9en V0 " Slgnaien. die nach dem Verfahren gemaS An- 

pZJSSJSSI rr, 3 "" '* die Uberlagemngsertassung der Phasenterme und der 
SnLicnnaX?^ 7?^ dem ° PtiSOhen ^"gsosziilator-Signa. erzeugt wird. dadurch 

gesehenlst 2 ti 6-19) erfaSten Signaie zentriert sind. und daa eine zweite Stufe (24-32) vor- 
dTmeh^ 

^123 ? demodul.eren. einschlie&lich einer elektronischen Anonlnung. welche die 
ESS 22T 5 ?" BandpaSfi,ter < 20 - 23 > «<" *• Basiaband umsetzt und sSpZ 
TSSSSS^^^l P " er <24 " 27) U " d Vier Ba " d P«^ (29-32) aufweist. und daS eine 

7 ' 2SSS^ ^ Empfangen von mehrstufigen Signaien, die nach dem Ver- 

mfZBZfZntl ? 9ebl,det8,nd ' «*•*«* gekennzaichnet. daS die Verarbeitungsschaltung 
££!!ZiS2S2R f ' T Jone ^ ri x aufweist vier Schaltungen (3447). die an ihren 
inSriodenbe^ 

sSnTerio^ langer sind als die Symbolperiode und viei kfirzer ale die charakteri- 

ohndr^n^ 

oben erXten B£lJ5iS^2^ """^ * Jone8 - Matri * « <"* « ■■>"< Bngang die 
S^e^a^S?!^?^ empfan9t U " d ihreIT, Aw 9 m « d,B fleschfitzten Werte des Oban 

SSSSSIIS^^ en sprechenden Signaie empfingt und diese Signaie mit den brauch- 
tenBezuSr^ 

2 SSS!ai2tlS d er Jones-Matrbc zu berechnen und sie auf die SchaJtung 

^gang 9 die tZ£££2^^ ^ ** ^^^altung (39), welche an ihrem 
to£touZl^^^«"?^ enen menretufi 9en Signais empfangt und diese Werte mit 

wa^ainea^si!:.!!^ ^ dadUrch 9ekennzeichnet, datt die Verarbeitungsschaltung auf- 
ZiZ?35SriS ^2" anf5n9lichen Bestimmung der Bezugssignale durch einLu^ 
^Z^Z^l^T^T 9 (40) ZW Berechn ""9 des Zeitmittels der Basisband-Signale 

Iw^T^T^r*"' t°T m Sp6iChern Und Aufdal,eren de ' Xomponenten des 
n S eiS~ 



Revendicatlons 



1 ^^^^j^t m ^^° ww ^^^"«'^'<"''' 
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2. Precede , selon la revendlcatlon 1. caracterise par lea etapea suivantes : 

' 3? J" de ' a , PhaSe dU Si9nal porteur un P rem, 'er signal da commande ; 

* da°^nin S J 3 """^ ^ C0mpo8ante8 orthogonales par daa second et troisieme aignaux 
™f nVl na «™ de C °T and / etant obtenu * en codant une succession binaire reprasentant IWor- 

d^aV;^ 

3 ' tar^f^ 0 " ' a f 8Ve " diCa i . t,0n * caracterise en ce que lee etats predetennines du signal mulUniveau a 
ntoTrl™ T r" P3r ,6S *» vecteur a quatre dimensions determinant 

£!£ S £!l2S" de ' a SPh6re de ,,espace eudidie " a *« le rayon 

laa S^t 1 a™ " l^T"" ° ptiqU ° moyenna trans^". sont determines en selectionnant 

TSSSi ^ fa5 ° n * m,nimiSer 18 fonCtion mul «-^blea qui fait correspond™ 

la probability d erreur de bit avec les coordonnees des dits points de reference. 

4 ' JliZT e c l°f ' a transmissfon da si 9™* n,uitlnlveau fonnes selon le precede de la raven- 

dullurl „h £ 9 m d8 rn ° dU,ati0n (10) ' en ce qu'll comprend de plus un premieVmo- 

5 ' 1™^^ * P ° Ur ' a ^ 60 0ftUVre dU proeada 8a,on ,a ™" d '<*«on 

oS aaS^ .Z^w le P™r modulateur de phase (2) etle modulateur de polarisation 

<5«). est rede un diviseurde rayons (3) pourselectlon de polarisation qui est concu pour dlviser les deux 

SoTSCTn^ '' elat ^ P0,ariSat '° n dU ^ « en ca^Zod^deT 

CeCcet apparei ' rotateur *» polarisation (4) qui fait tourner da 90- la polarisation^ 
Tltt^ compo ^ nte9 :, un 8 e«nd modulateur de phase (5) concu pour modular la phase de I'autre 

Telx siaJauTo'en tS^TT ? P0,an ' 8ati0n <*> qul fait tourner da 90 ° ,a P^^n de Fun des 
rXZ^L t du "" p,eur "iwettannal (6), en ce que le generates de signaux de modulation 

TunTup^d^ 

oon a i« rf- pihtTT- !• selectl0n de Polarisation pour combiner encore les composantes ortho- 

' ?lrcomrnfnT u 7nT ' a r6 !!. Pti0n de S ' 9naUX ™ ,t,niveau 1om& * s e'on le precede de la revendication 
0- HZ M4 iS d«r SiSt0 e " ^"^-P^e .oca. (12). un hybride optlque I 

tl9MMmS£!I^JZ P< !ff nteS ortho 9° na, ee d « polarisation, et quaae photodiodes 
oon^^^^ 

du stanal de S /ml * ^f^" 9 de » ,imito e de phase et dea limitea de quadrature de phase 
2/iS^«t?J!. ? . P ^ * Partlr du si9nal P**'*'*** Par la f ib» optique (1 1) et du signal da 

SSSJS^S^ TJ QUe 16 dit Premfer 61899 * P'»« Uls palst 

des W» it « T ■ 13 f re<,UenCe int e m 'ediaire dea signaux detectes par lea dites photodio- 
Jour d!"mlt . S8C ° nd e , ta9e (24l32) 68t prevu « ui 98t ""P'e dit premier etage e. xongt 
Ze oS^LST,!?: T ? T de f ° Urnir 16 8i9nal mu,tiniv9au - » m P^ant un dlspositif e.ect£ 
tend- Z 2T7 9 de f reqUenC8 intem, ediaire des dits f litres passe-bande (29-32) en^nt 

aSJStSK^f' ^ Vern,Ul " a9e da Ph88a < 28 >' " U8tre m "i«PlicaS(24-2" 
e Jcf^V' pa88e - band e (29-32). et en ce qu'un circuit de traitement est couple au dit second etage 
et est concu pour comparer le dit signal multinfceau a dea aignaux de reference pradetermJnT ° 

revendication 2 ou 3. caractens* en ce que le dit circuit de traitement. base sur revaluation 
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dJts signaux dans dSSJ £ ^ZS^H^ *** ^"""^ temps des 

plus courtes que lea pSS beau " u P p,us ,0 "9 UM P^ode da symbole et baaucoup 
sorties wTs^ZZ^^ 8 flUCtUati ° n8 * P 0 "*** 0 ". * «" fc-mh-nt a leurs 
da Jones (33) ZeZ^Tn eZlZ T * ^ U " *"* '' ,nvereton de ,a "■«*» 

asa sortia.es valeuTest^ 

lesquatreaignauxr^^m^Tn ^ tal ^««*^W*«*rtahi.» BBt 
les dits signaux aux avmS!f m °y ennes * tempsdes signaux de la bandede base etqui compare 
magasin^ **naux de reference prolines en, 

fournirau circuit pour 100^ ^^ d ° " maWC8 * J ° n8S et a ,e9 

recoil les vaieurs estimee du VlT^T * J ° n6S (33)> et un *°* de d6dsion < 39 > do "' «'e"tree 
PoSib.es transmit 

run des symboles poaaibleM^amte 6 <a5 °" * 8 Chaque va,eur e8timee 

a circuit ?ST o rd^ 

secondd^sTaS^ ££S52r * ^ ^ SeqUenC8 d ^ ia '-i «" 
danadaapSriodaadatampsoa^cZ^ZS ,amo ^ nn * d * tom f»«'~«iflnaux date bands da baaa 
Quelapenodecarac^^ 

d jour les composantes de skinaux 2 u??ZZl , Pdansation. et pour emmagasiner et mettre 

oom Pare r les Sf^VS^^^^JT^^Jf *»* de d8Cision W etant congu pour 
signer a chacun d'eux run deTs^es o ZblL f * T 8UX 8 ' 9n8UX de ref6rence ' et pour as " 
beaucoup plus courts que la peSe^^l *TT ' 8 PMOdt> d8 temps de mise a ^ aten * 
longue que la periode de aymSa CaraCterist,t ' ue des «"«uat.ons de polarisation et beaucoup pius 
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